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DEVELOPING A METHOD FOR ESTIMATING SUBJECT-SPECIFIC 
TRUNK MUSCLE MORPHOMETRY 
SAMANTHA HUANG 
ABSTRACT 
Spinal injury and pain can often be debilitating, leading to a significant decrease in 
quality of life. The development of these spinal conditions may be explained by changes 
spinal loading patterns.  Since spinal loading patterns cannot be analyzed in vivo, 
biomechanical musculoskeletal models have been developed to estimate them. 
Incorporating muscle parameters such as cross sectional area and moment arms improves 
the accuracy of musculoskeletal models, but no current resource provides a comprehensive 
set of muscle parameters for a wide variety of subjects. This study aims to develop a 
method for estimating trunk muscle parameters from clinically attainable variables such as 
age, sex, height, weight, trunk width, and trunk depth.  
The regression models built in this study drew from in-vivo CT-based cross 
sectional area and moment arms measurements of an age- and sex- stratified community-
based population. The base regression model used the independent variables age, sex, 
height, and weight, while subsequent models examined the differences when trunk depth 
or trunk width was incorporated. 27% of cross sectional area regressions were improved 
with the addition of trunk weight or trunk width; 26.6% of medial lateral moment arm 
regressions were improved with the addition of trunk width; 50% of anterior posterior 
moment arm regressions were improved with the addition of trunk depth.  
 v 
Although the addition of trunk depth or width improved model fit especially in 
moment arm regressions, the R2 values of regressions were not increased greatly. It is 
suspected that muscle position as related to distribution of fat may explain the mismatched 
contribution of trunk measurements to moment arm estimates in different muscles. Further 
investigation is needed to examine the effects of fat distribution on muscle parameter 
estimation.   
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I. INTRODUCTION 
 
Spinal injury and pain lead to a significant decrease in quality of life. The cervical 
and lumbar regions of the spine have been demonstrated to be prone to pain conditions, 
occupational injuries, intervertebral disc degeneration, and other psychosocial 
dysfunctions (Andrew M Briggs, Smith, Straker, & Bragge, 2009; Carragee, Alamin, 
Miller, & Carragee, 2005). Although there is less research on thoracic spine conditions, 
pain and injury to this region of the spine can be equally debilitating as in the lumbar spine 
(Andrew M Briggs et al., 2009). Furthermore, limited studies have been conducted to 
investigate interactions between the thoracic and lumbar regions of the spine and their 
combined contributions to trunk spine conditions. Therefore, there is a significant need for 
better understanding of the thoracolumbar spine.  
1.1 Clinical Spine Conditions 
Low back pain is the fifth most common chief complaint for all physician visits in 
the United States, with an estimated lifetime prevalence of 50% to 80% (Atlas & Deyo, 
2001; Rubin, 2007). Low back pain is associated with pathophysiological conditions 
spanning the 5 lumbar vertebrae. Low back pain can be characterized by its duration. Acute 
low back pain is likely to originate from injury to paraspinous ligaments and muscles while 
chronic low back pain likely arises from degeneration in vertebral structure and ligaments. 
Spondylosis, or osteoarthritis of the spine is also a common cause for lower back pain in 
adults (Golob & Wipf, 2014).    
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Thoracic spine pain is experienced in the thoracic region of the spine, primarily 
spanning vertebral levels T1-T12 and extending across the posterior stretch of the trunk. 
Thoracic spine pain may originate from loss of integrity in vertebral 
structures,  dysfunctions in gastrointestinal, cardiopulmonary, and renal systems amongst 
other sources (Fruth, 2006). Furthermore, the thoracic spine is also prone to neoplastic, 
infective, inflammatory, metabolic, and degenerative conditions, all of whom may lead to 
pain and disability (Andrew M Briggs et al., 2009). Thoracic spine pain and abnormalities 
are associated with forms of osteoporosis, especially vertebral fractures and hyperkyphosis 
resulting vertebral bone loss, osteoarthritis, Scheuermann’s disease, and ankylosing 
spondylitis (A. M. Briggs, Greig, & Wark, 2007).  
Vertebral fractures are common. In fact,  30-50% of adults over the age of 50 will 
experience at least one vertebral fracture in their lifetime (Ballane, Cauley, Luckey, & El-
Hajj Fuleihan, 2017). Even though three-quarters of vertebral fractures are expected to go 
undetected, both symptomatic and asymptomatic vertebral fractures are associated with 
increased morbidity and mortality. Furthermore, a presence of a vertebral fracture increases 
the risk of sustaining a subsequent fracture by two-fold (Delmas et al., 2005). 
Vertebral fractures are further described by the shape of their deformity: crush, 
wedge, and biconcave. Generalized back pain is associated with all vertebral deformities, 
and fractures tend to cluster around the mid-thoracic and thoracolumbar regions centered 
at T7 and L1 (Ismail et al., 1999). Recent studies have associated this site-specificity to 
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spinal loading patterns in biomechanics-based musculoskeletal models (Bruno, Burkhart, 
Allaire, Anderson, & Bouxsein, 2017).  
1.2 Trunk Muscles Associated with Spinal Conditions  
Trunk muscles exert the majority of mechanical loading experienced by the spine 
(Mokhtarzadeh & Anderson, 2016). There is evidence that altered trunk muscle structure 
may be related to back pain.  The rating and duration of back pain has found to be 
associated with muscle characteristics such as decreases in cross sectional area (CSA) in 
paraspinal muscles (erector spinae, and transverspinalis) and abdominal muscles e.g. psoas, 
rectus abdominus, internal oblique, external oblique, and quadratus lumborum (Barker, 
Shamley, & Jackson, 2004; Goubert & Danneels, n.d.; Kim, Park, & Kwon, 2017; Sions, 
Elliott, Pohlig, & Hicks, 2017). Low back pain has also been associated with altered 
activation patterns of abdominal muscles such as the internal oblique, external oblique, and 
transverse abdominis and shoulder muscles such as the latissimus dorsi, trapezius, and 
pectoralis major. (Dickerson, Alenabi, Martin, & Chaffin, 2018; Mun, Kim, Yi, & Baek, 
2018; ShahAli et al., 2019). Furthermore, aging related neuromuscular degeneration of 
trunk muscles are likely to contribute to vertebral fractures due to the effects of muscle 
loading on vertebral strength (Mokhtarzadeh & Anderson, 2016). Thus, the causation of 
spine related pain and injury can be better understood by examining the relationship 
between spine loading and trunk muscle characteristics.  
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1.3 Biomechanical Musculoskeletal Modeling 
Spinal loading is a force exerted on the spine muscles, and can change with body 
posture and muscle strength. Although spine loading patterns may explain the development 
of spine associated pain and injuries, loading cannot be measured in vivo.  Thus, 
biomechanical models of the thoracic region were developed to estimate loads on the spine 
during simulated tasks (Andrew M. Briggs et al., 2006; Harrison et al., 2005; Iyer et al., 
2010).  More recently, advanced biomechanical models incorporating a fully articulated 
thoracolumbar spine and rib cage, with major thoracic muscles attaching  to  anatomically 
accurate skeletal positions have been used in research to determine vertebral compressive 
loading patterns and risk factors along the spine in various body activities and positions 
(Bruno, Bouxsein, & Anderson, 2015; Bruno, Burkhart, et al., 2017). Major muscles 
included in thoracolumbar biomechanical models are shown in Figure 1.  
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Figure 1. Transverse Trunk Section Showing Major Muscles Included in 
Thoracolumbar Biomechanical Models. (Anderson et al., 2013) 
 
1.3.1 Subject Specific Musculoskeletal Modeling 
Since the purpose of thoracolumbar spinal musculoskeletal modeling is to better 
understand biomechanical etiologies of back injuries, it is important that these models 
incorporate anatomically realistic details to accurately predict trunk loading patterns. 
Subject-specific variations in spine curvature and muscle morphology can have significant 
impact on the estimated spinal loads, thus, muscle size, defined as cross sectional area 
(CSA), and muscle position, defined as moment arms, for various populations are required 
to investigate factors that contribute to thoracic back pain and spinal injuries. Subject-
specific in vivo muscle parameters can be measured via medical imaging modalities such 
as computed tomography (CT) and magnetic resonance imaging (MRI) (Bruno, 
Mokhtarzadeh, et al., 2017). A number of previous studies have reported methods of 
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estimating muscle parameters, namely CSA and moment arm measurements, based on 
these in vivo image based measurements (Anderson, D’Agostino, Bruno, Manoharan, & 
Bouxsein, 2012; Bruno, Mokhtarzadeh, et al., 2017; Chaffin, Redfern, Erig, & Goldstein, 
1990; Hwang et al., 2016; Jorgensen, Marras, Granata, & Wiand, 2001; Marras, Jorgensen, 
Granata, & Wiand, 2001; Moga, Erig, Chaffin, & Nussbaum, 1993; Reid, Costigan, & 
Comrie, 1987; Seo, Lee, & Kusaka, 2003; Tracy, Gibson, Szypryt, Rutherford, & Corlett, 
1989).  
However, limitations in their sample population reduce the generalization of these 
studies. Regression models from previous studies included a population size ranging from 
20 participants (Jorgensen et al., 2001; Reid et al., 1987; Tracy et al., 1989) to around 100 
(Anderson et al., 2012; Chaffin et al., 1990) and over 200 participants (Seo et al., 2003). 
Many included only healthy volunteers (Chaffin et al., 1990; Jorgensen et al., 2001; Marras 
et al., 2001) or only patients who underwent diagnostic imaging (Moga et al., 1993; Tracy 
et al., 1989). In addition, many sample populations only included participants of a single 
sex (Chaffin et al., 1990; Reid et al., 1987; Tracy et al., 1989) or participants in a limited 
age range (Jorgensen et al., 2001; Marras et al., 2001; Reid et al., 1987). Since most studies 
were investigating the lumbar spine, limited muscle groups were examined and few 
included measurements of muscles in the thoracic spine (Anderson et al., 2012). Thus, 
regressions presented by previous studies may not provide accurate muscle morphology 
estimates of the general population.  
Regression models including age, sex, height, and weight have shown to be 
generally consistent in generating stable regressions for muscle size (CSA) and position 
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(moment arms) at most vertebral levels (Anderson et al., 2012). However, a substantial 
number of these models, especially those predicting muscle positions, have low R2 values. 
A number of previous studies incorporated trunk depth and trunk width into regression 
equations to produce improved models (Chaffin et al., 1990; Jorgensen et al., 2001; Marras 
et al., 2001; Moga et al., 1993; Reid et al., 1987; Tracy et al., 1989). However, isolated 
effects of trunk measurements were not examined, and the higher P values could have 
easily been due to overfitting of data. Therefore, this study was designed to investigate the 
effects of including the independent variables age, sex, height, weight, trunk depth, and 
trunk width on the predictive accuracy of the models. The models will draw from a 
comprehensive set of thoracolumbar muscle morphology measurements from a large age- 
and sex-stratified population to estimate the muscle parameters of a community-based 
population.  
1.4 Specific Aims 
The goal of this study is to develop a method for estimating subject-specific trunk 
muscle morphometry present between the T4 and L4 vertebral levels to be used in 
musculoskeletal modeling. To do so, we measured CSA and moment arms of 11 trunk 
muscles from CT images in a community-based cohort of men and women in the age range 
of 40-90. Regression models were developed to predict muscle morphology based on 
subject-specific age, sex, height, weight, as well as trunk width and depth measured from 
CT. 
 8 
II. METHODS 
 
2.1 Study Participants 
A sample of 250 age- and sex-stratified individuals were randomly selected from 
participants of the Framingham Heart Study Offspring and Third Generation cohort 
(N=3479) who underwent abdominal and chest quantitative computed tomography (QCT) 
exams as part of the  Multidetector CT Study (MDCT) (N=2109) in the years 2008-2011 
(Splansky et al., 2007). This study uses previously collected, de-identified muscle 
morphology data approved by the institutional review boards of Boston University and 
Beth Israel Deaconess Medical Center, and Hebrew SeniorLife (Johannesdottir et al., 2018). 
Eligible participants for this study had CT scans with measurable spine levels 
between T4 and L4. The sample of 250 participants consists of 25 men and 25 women in 
the age groups 40- 49, 50- 59, 60- 69, 70- 79, and over 80 years old. The females in the 
sample population had similar measurements of height and weight to the full cohort when 
adjusted for age (p > 0.18). The men weighed slightly less than the full cohort (mean of 
BMI difference is 1.01 kg/m2 lower p=0.03).  
2.2 CT Acquisition 
The QCT was performed by a Lightspeed Ultra scanner (Splansky et al., 2007) 
(General Electric, Milaukee, WI), with chest scans spanning approximately T4-L1 
vertebral levels and abdominal scans spanning approximately L2-L5. Subjects were 
positioned supine with their arms over their heads and a cushion placed under the legs, 
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resulting in a slight flexion of the hips and knees. The scanner was set to a tube voltage of 
120kVp, a tube current of 300 mA if subject weighed 220 lb and below and 350 mA if the 
subject weighed over 220 lb, and a gantry rotation of 350 ms. The scans had a slice 
thickness of 0.625 mm, with a field of view of 35 cm and a nominal in-plane pixel size of 
0.68 x 0.68 mm2. The subject’s age, sex, height, and weight were recorded at the time of 
the CT exam (Splansky et al., 2007).  
2.3 Muscle Measurements 
The size and positions of 11 different trunk muscle groups were measured using 
the image processing program Analyze (Robb, 2001) (Table 1.). Each CT scan was 
spatially processed through a sigma filter to reduce noise while preserving edges in an 
effort to reduce contouring difficulty. The mid-vertebral slice location was determined as 
the mid-point between adjacent intervertebral discs (Johannesdottir et al., 2018). Muscle 
size was assessed as the cross-sectional area (CSA) of the contour, muscle position as the 
distance between muscle and vertebral body centroid positions in the medial-lateral (ML) 
and anterior-posterior (AP) directions (Figure 2). 
It should be noted that measurements of CSA and position in in the QCT transverse 
scan plane may not reflect the anatomical CSA and position in muscles where the line of 
action is not perpendicular to the transverse plane. In modeling platforms where these 
parameters are not adjusted, the anatomical parameters can be estimated from measured 
parameters using literature estimates of muscle lines. 
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Figure 2. Measurement of Muscle Position in QCT Transverse Plane Scans. Medial- 
lateral axis (ML) and anterior-posterior axis (AP) were assigned to intersect at the centroid 
of the vertebra and reflect symmetry in the left- and right- side muscle pairs. Muscle 
positions are measured as the distance between muscle centroid and vertebral centroid in 
the ML direction (ML-d) and AP direction (AP-d). The two examples shown here are of 
(a) the left serratus anterior muscle at T7 and (b) the left rectus abdominis at L3. Asterisks 
(*) in (a) indicate the latissimus dorsi at T7, and example of a muscle that extends past the 
QCT image and was thus not measured. (Anderson, D’Agostino, Bruno, Manoharan, & 
Bouxsein, 2012) 
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Table 1. Trunk Muscles Measured from QCT Scans at each Vertebral Level. 
 
T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 
External Oblique 
     
X X X X X X X X 
Erector Spinae X X X X X X X X X X X X X 
Internal Oblique 
          
X X X 
Latissimus Dorsi X X X X X X X X X X X X 
 
Pectoralis Major X X X X X X 
       
Psoas Major 
         
X X X X 
Quadratus Lumborum 
         
X X X X 
Rectus Abdominus 
      
X X X X X X X 
Serratus Anterior 
  
X X X X X X 
     
Trapezius X X X X X X X X 
     
Transversospinalis X X X X X X X X X X X X X 
 
2.4 Trunk Width and Depth Measurements 
Trunk width and depth measurements were performed in ImageJ on scout views of 
CT scans (Schneider, Rasband, & Eliceiri, 2012). The greyscale contrast of the image was 
adjusted automatically by an ImageJ script. Two horizontal lines were first drawn across 
the subject’s dorsal and ventral surfaces at mid-vertebral levels of L3 and T8 in the sagittal 
scout view image. The length of the line is recorded as the trunk depth of the subject at the 
thoracic and lumbar regions. The position of the lines is copied to the frontal scout view 
image and extended to reach the lateral extremes in the left and right directions. The length 
of these lines was recorded as the trunk width of the subject at the thoracic and lumbar 
regions. Figure 3 shows a representation of the measurement process.  
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Figure 3. Measurement of Trunk Depth and Width in QCT Scout Images. A horizontal 
line is first drawn on the sagittal plane scout view image and overlaid onto the frontal plane 
scout view image.  
 
2.5 Regressions 
Left and right side muscle morphometry measurements of CSA and absolute ML 
distances were averaged to give a single measurement for the analysis. AP distances were 
also averaged but retained their directionality, with positive values indicating muscles 
ventral to the vertebra and negative values indicating muscles dorsal to the vertebra. If only 
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one side of the muscle was visible, that value alone was used as the measurement. Muscles 
that extend out of the field of view for the QCT were excluded.  
Linear regression was used to determine correlation coefficients to predict CSA and 
muscle position from age, sex, height and weight in the base model (Equation 1a). Two 
more regression models were executed with additional trunk width (Equation 1b) and 
additional trunk depth (Equation 1c). Equations for the regression models are shown below: 
𝑀𝑃 = 𝐶1 + 𝐶𝑎 × 𝐴 + 𝐶𝑠 × 𝑆 + 𝐶ℎ × 𝐻 + 𝐶𝑤 × 𝑊 Equation 1a 
𝑀𝑃 = 𝐶1 + 𝐶𝑎 × 𝐴 + 𝐶𝑠 × 𝑆 + 𝐶ℎ × 𝐻 + 𝐶𝑤 × 𝑊 + 𝐶𝑇𝑊 × 𝑇𝑊  Equation 1b 
𝑀𝑃 = 𝐶1 + 𝐶𝑎 × 𝐴 + 𝐶𝑠 × 𝑆 + 𝐶ℎ × 𝐻 + 𝐶𝑤 × 𝑊 + 𝐶𝑇𝐷 × 𝑇𝐷 Equation 1c 
MP is muscle parameter (CSA in centimeter squared, ML-d in centimeters, and AP-
d in centimeters), C’s are regression coefficients, S is sex (male=0, female= 1), A is age in 
years, H is height in centimeters, W is weight in kilograms, TD is trunk depth in millimeters, 
TW is trunk width in millimeters. Trunk width and depth at T8 were used for thoracic 
muscle parameter estimation, while trunk width and depth at L3 were used for lumbar 
muscle parameter estimation. For each muscle at each vertebral level, MP is calculated for 
CSA, ML-d, and AP-d for all three equations, resulting in nine equations.  
 
2.6 Statistical Analysis 
Statistical analyses were performed using R Studio (RStudio Team, 2015).  The 
linear relationship between independent variables (age, height, weight, trunk width, and 
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trunk depth) were measured by Pearson’s correlation coefficients. Multicollinearity 
between variables was quantified with the variance inflation factor. 
The fit of the regression model is measured by the coefficient of determination (R2) 
and the error by the standard error of the estimate (SEE). The significant differences 
between models were determined using the ANOVA test (p< .05).  
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III. RESULTS 
 
The QCT images of 250 community-based women and men were examined. The 
average weights independent of age for women and men are 70.7(±14.9) kg and 85.2(±14.3) 
kg, respectively, while the average heights independent of age is 160.0(±6.4) cm and 
174.0(±7.3) cm, respectively. Due to the scanning protocol, not all levels were present in 
the scans for each subject. The total levels contoured for each muscle at each level is 
summarized in Appendix Table 1.  
3.1 Collinearity 
The Pearson’s correlation coefficients between independent variables are separated 
by gender shown in Table 3. Trunk depth measurements have the highest correlation with 
weight. Note the difference in correlation coefficients genders, especially in trunk width 
measurements. Correlation between weight vs trunk depth and weight vs trunk width are 
presented as scatter plots in Figure 4. 
 
Table 3. Pearson’s Correlation Coefficients for Independent Variables 
Female 
 
Age Height Weight T8 Depth T8 Width L3 Depth L3 Width 
Age 1.00 -0.42 -0.09 0.00 -0.11 0.07 -0.03 
Height -0.42 1.00 0.25 0.06 0.13 -0.03 0.06 
Weight -0.09 0.25 1.00 0.79 0.73 0.83 0.77 
T8 Depth 0.00 0.06 0.79 1.00 0.61 0.86 0.56 
T8 Width -0.11 0.13 0.73 0.61 1.00 0.66 0.75 
L3 Depth 0.07 -0.03 0.83 0.86 0.66 1.00 0.73 
L3 Width -0.03 0.06 0.77 0.56 0.75 0.73 1.00 
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Male 
 
Age Height Weight T8 Depth T8 Width L3 Depth L3 Width 
Age 1.00 -0.16 -0.11 0.22 -0.19 0.20 -0.04 
Height -0.16 1.00 0.46 0.18 0.27 0.10 0.24 
Weight -0.11 0.46 1.00 0.73 0.36 0.78 0.57 
T8 Depth 0.22 0.18 0.73 1.00 0.21 0.81 0.41 
T8 Width -0.19 0.27 0.36 0.21 1.00 0.30 0.65 
L3 Depth 0.20 0.10 0.78 0.81 0.30 1.00 0.55 
L3 Width -0.04 0.24 0.57 0.41 0.65 0.55 1.00 
 
 
Figure 4. Weight vs Trunk Measurement Scatter Plots. The x-axis represents weight 
while the y-axis represents trunk measurements. Each data point is plotted with colors and 
shape separated by gender. The best fit line by linear regression is plotted by the solid line. 
The dark shading about the fit lines represent the confidence level.  
 
Collinearity between the independent variables was quantified by calculating the 
variance inflation factor (VIF). The textbook threshold for significant multicollinearity is 
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a VIF of above 5 (Kutner, Nachtsheim, & Netter, 2004). With all baseline variables and 
trunk measurements included in the model, VIF for weight and trunk depth for the majority 
of equations were above 5. VIF values for equations with either weight, trunk depth, or 
trunk width removed were mostly below 5.  
3.2 CSA Regressions 
Three models, based on the inclusion of trunk width or trunk depth (Equations 1a, 
1b, and 1c), were compared for regressions models of CSA. The R2 and percent root mean 
squared error for each muscle group are presented in Figures 5-7 and Figure 8-10, 
respectively. 27.2% of CSA regressions observed significant differences with the addition 
of either trunk width or trunk depth variables. 
 
Figure 5. CSA Regression % RMSE for Ventral Muscles. Lateral muscles include 
pectoralis major (PM), and rectus abdominis (RA). The x-axis labels the vertebral levels 
of the muscle presented. Stars above each bar label models that show significant difference 
from baseline (p ≤ 0.05). Since RMSE is shown as a percentage, the mean of each muscle 
parameter is labeled beneath each bar cluster.  
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Figure 6. CSA Regression % RMSE for Lateral Muscles. Lateral muscles include 
serratus anterior (SA), latissimus dorsi (LD), external oblique (EO), and internal oblique 
(IO). The x-axis labels the vertebral levels of the muscle presented. Stars above each bar 
label models that show significant difference from baseline (p ≤ 0.05). Since RMSE is 
shown as a percentage, the mean of each muscle parameter is labeled beneath each bar 
cluster. 
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(Figure 7. Cont.) 
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Figure 7. CSA Regression % RMSE for Medial Muscles. Medial muscles include 
transversospinalis (TS), erector spinae (ES), trapezius (TR), quadratus lumborum (QL), 
and psoas major (PS). The x-axis labels the vertebral levels of the muscle presented. Stars 
above each bar label models that show significant difference from baseline (p ≤ 0.05). 
Since RMSE is shown as a percentage, the mean of each muscle parameter is labeled 
beneath each bar cluster. 
  
Figure 8. CSA Regression R2 for Ventral Muscles. The x-axis labels the vertebral levels 
of the muscle presented. Stars above each bar label models that show significant difference 
from baseline (p ≤ 0.05). 
 21 
 
  
Figure 9. CSA Regression R2 for Lateral Muscles. The x-axis labels the vertebral of 
levels the muscle presented. Stars above each bar label models that show significant 
difference from baseline (p ≤ 0.05). 
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Figure 10. CSA Regression R2 for Medial Muscles. The x-axis labels the vertebral levels 
of the muscle presented. Stars above each bar label models that show significant difference 
from baseline (p ≤ 0.05). 
 
3.2 Moment Arm Regressions 
Two models were compared for each moment arm parameter. Models including 
trunk width (Equation 1b) were compared to baseline (Equation 1a) for moment arm 
measurements in the medial lateral direction.  Models including trunk depth (Equation 1c) 
were compared baseline (Equation 1a) for moment arm measurements in the anterior 
posterior direction. The R2 and percent root mean squared error for each muscle group are 
presented in Figure 11-13 and Figure 14-17, respectively. 36.6% of ML-d models were 
improved with the addition of trunk depth while 50% of AP-d models were improved with 
the addition of trunk width. The majority of improvements were observed in lateral and 
ventral muscle groups. 
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Figure 11. Moment Arm Regression R2 for Ventral Muscles. The title of each graph 
indicate the muscle group and the muscle parameter (ML-d, AP-d) they present. The x-axis 
labels the vertebral levels of the muscle plotted. Stars above each bar label models that 
show significant difference from baseline (p ≤ 0.05). 
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Figure 12. Moment Arm Regression R2 for Lateral Muscles. The title of each graph 
indicate the muscle group and the muscle parameter (ML-d, AP-d) they present. The x-axis 
labels the vertebral levels of the muscle plotted. Stars above each bar label models that 
show significant difference from baseline (p ≤ 0.05). 
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Figure 13. Moment Arm Regression R2 for Medial Muscles. The title of each graph 
indicate the muscle group and the muscle parameter (ML-d, AP-d) they present. The x-axis 
labels the vertebral levels of the muscle plotted. Stars above each bar label models that 
show significant difference from baseline (p ≤ 0.05). 
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Figure 14. Moment Arm Regression % RMSE of Ventral Muscles. The x-axis labels 
the vertebral levels of the muscle presented. Stars above each bar label models that show 
significant difference from baseline (p ≤ 0.05). Since RMSE is shown as a percentage, the 
mean of each muscle parameter is labeled beneath each bar cluster. 
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Figure 15. Moment Arm Regression % RMSE of Lateral Muscles. The x-axis labels 
the vertebral levels of the muscle presented. Stars above each bar label models that show 
significant difference from baseline (p ≤ 0.05). Since RMSE is shown as a percentage, the 
mean of each muscle parameter is labeled beneath each bar cluster. 
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Figure 16. Moment Arm Regression % RMSE of Lateral Muscles. The x-axis labels 
the vertebral levels of the muscle presented. Stars above each bar label models that show 
significant difference from baseline (p ≤ 0.05). Since RMSE is shown as a percentage, the 
mean of each muscle parameter is labeled beneath each bar cluster. 
 
The final regression equations for estimating trunk muscle parameters with the 
highest data fit are presented in Appendix Table 2. Trunk-inclusion equations that show 
significant improvement from baseline models were included. If no significant difference 
was demonstrated between trunk-inclusion models and the baseline model, baseline model 
coefficients were included. Full P values from one way ANOVA analysis are included in 
the Appendix Table 3.  
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IV. DISCUSSION 
 
The level of detail in subject-specific muscle parameters is known to affect the 
representativeness of musculoskeletal models. Thus, reliable estimation of these 
parameters is important in creating accurate musculoskeletal models to better understand 
the epidemiology of thoracic conditions.  This study incorporated muscle morphology 
measurements from a community-based population to develop regression models using 
combinations of age, sex, height, weight, trunk depth, and trunk width to estimate trunk 
muscle parameters from T4-L4.  
4.1 Baseline Model 
The first regression model (Equation 1a.) was based on age, sex, height, and weight. 
Compared to a previous study that used the same equations, the regressions reported here 
for CSA, ML-d, and AP-d are similar in terms of R2 and SEE (Anderson et al., 2012). R2 
is generally higher for this study and mean SEE generally lower. These slight 
improvements in model fit may be explained by the expanded sample size; the regressions 
presented by Anderson et. al included measurements that ranged from 26 to 99 subjects, 
while this study included 80 to 250 measurements for each muscle at each level. Similar to 
previous studies however, the R2 values tend to be lower in ML-d and AP-d regressions. 
This may be explained by the variation and mass distribution amongst the population. Two 
people with the same age, sex, height, and weight may have very different thoracic and 
lumbar ML-d and AP-d values depending on whether they carry their weight around their 
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chest or abdomen. The effects of trunk measurement inclusion on accuracy of ML-d and 
AP-d predictions were observed in the subsequent regression models.  
4.2 Collinearity Between Trunk Measurements and Weight 
Although the addition of both trunk depth and width may increase regression fit, 
trunk measurements are not fully independent from the baseline variables. A simple 
bivariate correlation analysis showed especially high Pearson’s correlation coefficients 
between trunk measurements and weight. A high variance inflation factor (>5) for weight 
further suggested that the improvement in model fit with inclusion of both trunk width and 
trunk depth might be artificial and due to collinearity. To reduce the effects of collinearity, 
regression models based on Equation 1b and 1c were created to include either trunk depth 
or trunk width. Variance inflation factors for independent variables of these subsequent 
models are all ≤ 5, indicating that significant improvements of model fit is due to the added 
trunk measurement. 
It should also be noted that weight is unequally related to trunk measurements at 
different levels in women and men. Weight in females has a higher positive correlation to 
thoracic trunk width. This may be due to variations in fat distribution between sexes and 
should be taken into account when investigating independent variable contributions to 
regression models.  
4.3 Regression Models Including Trunk Measurements 
Few CSA regressions were improved with the inclusion of trunk measurements. 
Most significant differences were observed in muscle regressions at thoracic levels, with 
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20% of muscle levels showing significant improvement from the baseline model (P  ≤ 0.05). 
Since lumbar trunk measurements were already highly correlated with weight, it comes as 
no surprise that the addition of lumbar trunk measurements to the baseline equation did not 
improve model fit for lumbar level muscle regressions. However, these results also suggest 
that thoracic trunk measurements may be beneficial in predicting muscle CSA in the some 
trunk muscles such as the erector spinae and pectoralis major. 
A large proportion of moment arm regressions showed improved R2 and RMSE 
values with the addition of trunk depth or width. Although the results of this study 
confirmed that trunk depth and width may be related to muscle moment arms, the new 
regression models did not result in a dramatic improvement in R2 or SEE values, especially 
in moment arm regressions. This may be explained by examining muscle positions as trunk 
width and depth increases.  
4.4 Moment Arm Regressions as Related to Muscle Position 
The variance inflation factor in model two (Equation 1b.) was greatest in weight 
and lumbar level trunk depth, indicating that weight may be highly linearly correlated with 
lumbar level trunk depth. It can be interpreted that the majority of the sample population 
carries a larger proportion of their weight around their abdomen. Abdominal fat can be 
visceral, subcutaneous, or intramuscular. Visceral fat is located inside the abdominal cavity 
between the internal organs, therefore beneath frontal abdominal muscles such as the rectus 
abdominis, serratus anterior, transverse abdominis, internal oblique, and internal oblique. 
Subcutaneous fat is located beneath the skin, therefore above all trunk muscles included in 
this study. An increase in visceral fat will increase moment arm values more than an 
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increase in subcutaneous fat. Moreover, the distribution of adipose tissue varies between 
sexes due to hormonal levels (Karastergiou, Smith, Greenberg, & Fried, 2012). Visceral 
fat depositions in the abdomen are more common in males of all age due to sex hormone 
ratios, and commonly increase in age as testosterone levels decrease. In females, fat is 
primarily deposited in the buttocks, hips, and thighs until menopause, when adipose tissue 
is redistributed to the abdomen and visceral adiposity increases (Karastergiou et al., 2012). 
The variation in fat distribution between sexes and amongst different age groups may 
explain the lower R2 values of abdominal muscles. Similarly, variations in fat distribution 
at the thoracic chest level amongst sexes and age groups can explain lower R2 values for 
the pectoralis major.  
The moment arm regression fit for muscles psoas major and quadratus lumborum 
showed no significant difference with the addition of trunk measurements. Both muscles 
are deeper abdominal muscles spanning the pelvic region, and are likely not affected by 
increased trunk depth and width at the T8 and L3 level.  
4.5 Study Limitations 
There are several limitations of this study. First, the Framingham Study Offspring 
and Third Generation cohorts were primarily Caucasian, the regression models presented 
in this study might not be applicable to estimate muscle parameters in other racial and 
ethnic groups. Secondly, since the QCT images were taken to examine the cardiac region, 
vertebral levels in the upper thoracic region were often unavailable. In addition, larger 
individuals were also more likely to have muscles extending outside of the QCT image and 
therefore be unavailable for measurement. These data exclusions may have skewed the 
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regression models towards smaller individuals. Thirdly, while this study presented more 
comprehensive regression models and trunk musculature than previous studies, it does not 
included measurements from the cervical and upper thoracic spine.  
4.6 Future Studies 
This study examined the effects of trunk measurement and weight on regression 
models based on anthropometric measurements. The relatively low R2 values challenges 
the regression models presented here; whether the independent variables selected were the 
best predictive variables, and whether linear regression was the best model. It can be 
hypothesized that if fat distribution explains the variation in between muscle line of action 
and trunk dimensions, the inclusion of a variable accounting for body fat composition 
might improve regression fit. Definitive variables describing fat deposition could include 
blood hormone levels and body composition data.  
4.7 Conclusion 
In conclusion, this study presented three linear regression models for estimating 
size (CSA) and position (ML-d, AP-d) of 11 trunk muscles from vertebral levels L4 
through T4. These regressions draw from a large sample size, including 25 individuals of 
each sex per decade (ages 40-90) from a community-based cohort. The baseline model 
included the independent variables age, sex, height, and weight while the second and third 
models additionally included either trunk width or trunk depth. The results of the 
comparative analysis between the three models provided an improved resource for 
musculoskeletal modeling in the thoraco-lumbar region.  
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APPENDIX 
 
Table 1. Tally of Muscles Contoured at Each Level. The number in each cell represents 
number of muscles able to be contoured at each level.  
 
 
T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 
External Oblique 
      
232 224 197 235 230 232 215 
Erector Spinae 171 248 250 249 249 249 248 232 207 245 250 250 228 
Internal Oblique 
          
97 227 224 
Latissimus Dorsi 80 128 141 169 199 213 230 227 207 244 249 240 
 
Pectoralis Major 171 247 249 247 237 205 
       
Psoas Major 
         
237 250 250 228 
Quadratus Lumborum 
         
231 250 250 207 
Rectus Abdominus 
      
234 219 199 237 242 243 222 
Serratus Anterior 
  
249 245 242 239 238 205 
     
Trapezius 171 248 250 249 249 237 159 
      
Transversospinalis 171 248 250 249 249 249 248 232 207 245 250 250 228 
 
  
  
 
4
2 
Table 2. ANOVA P-Values. ANOVA P-values were calculated between the baseline model (with variables age, sex, weight, 
and height) and either a model with the addition of trunk width (denoted by +W), or trunk depth (denoted by +D) for muscle 
parameters CSA, ML-d, and AP-d. P-values less than or equal to 0.05 were bolded. 
 
CSA 
  T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 
External Oblique +W       0.5480 0.8123 0.5349 0.8421 0.8254 0.8001 0.7805 
+D       0.8815 0.2891 0.0370 0.0036 0.1600 0.7786 0.9585 
Erector Spinae +W 0.1347 0.0223 0.2123 0.0423 0.0415 0.1018 0.2339 0.1018 0.1954 0.2518 0.1019 0.2057 0.2015 
+D 0.6235 0.9825 0.1561 0.0819 0.0194 0.0721 0.0195 0.0045 0.0058 0.1808 0.0710 0.5364 0.9657 
Internal Oblique +W           0.3151 0.7399 0.4638 
+D           0.2174 0.2399 0.0658 
Latissimus Dorsi +W 0.2388 0.1850 0.5925 0.8918 0.0819 0.1116 0.2441 0.0141 0.0020 0.4054 0.1939 0.1917  
+D 0.0541 0.0772 0.7826 0.5301 0.6119 0.6437 0.2772 0.1604 0.7289 0.8149 0.7255 0.3950  
Pectoralis Major +W 0.0122 0.0050 0.0044 0.0468 0.0091 0.0917        
+D 0.6734 0.0868 0.0077 0.0070 0.0569 0.3336        
Psoas Major +W          0.6977 0.7459 0.5598 0.7874 
+D          0.6768 0.7689 0.9999 0.8020 
Quadratus 
Lumborum 
+W           0.2111 0.3016 0.5812 
+D           0.8987 0.9562 0.5425 
Rectus Abdominis +W       0.8216 0.0066 0.4323 0.6033 0.9656 0.5511 0.5178 
+D       0.3536 0.6991 0.8803 0.3015 0.3145 0.3920 0.6354 
Serratus Anterior +W   0.3616 0.6482 0.0996 0.0016 0.0000 0.0294      
+D   0.3033 0.0066 0.3841 0.3912 0.7670 0.7016      
Trapezius +W 0.1784 0.3058 0.0693 0.1483 0.1325 0.1365 0.3012       
+D 0.0106 0.2802 0.2515 0.9472 0.6426 0.5691 0.5496       
Transversospinalis +W 0.3839 0.1539 0.0309 0.0633 0.0649 0.0314 0.1140 0.0175 0.0276 0.5928 0.2861 0.0588 0.6903 
+D 0.3444 0.9342 0.3752 0.9563 0.5284 0.0365 0.4870 0.9861 0.1419 0.9503 0.7906 0.4360 0.2890 
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ML-d 
  T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 
External Oblique +W       0.3408 0.1888 0.0129 0.0176 0.0046 0.0012 0.0007 
Erector Spinae +W 0.7052 0.6891 0.2031 0.1063 0.4351 0.3874 0.4853 0.4370 0.1678 0.0151 0.3983 0.0572 0.0598 
Internal Oblique +W           0.1886 0.0019 0.0076 
Latissimus Dorsi +W 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.0001 0.1946 0.4529 0.1125 0.0074  
Pectoralis Major +W 0.0000 0.0203 0.1693 0.5017 0.5182 0.1262        
Psoas Major +W          0.8827 0.5879 0.4718 0.9518 
Quad. Lumborum +W          0.9091 0.8570 0.1264 0.5831 
Rectus Abdominis +W       0.0749 0.0414 0.3796 0.0137 0.0406 0.0536 0.3852 
Serratus Anterior +W   0.0051 0.0007 0.0000 0.0000 0.0000 0.0079      
Trapezius +W 0.8963 0.9719 0.2556 0.6499 0.5419 0.9750 0.9229       
Transversospinalis +W 0.5289 0.0900 0.4952 0.1779 0.9672 0.9533 0.5888 0.4133 0.3072 0.0059 0.1141 0.1129 0.0182 
AP-d 
  T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 
External Oblique +D       0.0000 0.0000 0.0000 0.0211 0.0035 0.0005 0.0099 
Erector Spinae +D 0.4629 0.1321 0.0265 0.0064 0.0072 0.0122 0.0898 0.9592 0.8259 0.1216 0.3860 0.4801 0.7014 
Internal Oblique +D           0.8246 0.0945 0.0003 
Latissimus Dorsi +D 0.0000 0.0000 0.0000 0.0001 0.0000 0.0002 0.0000 0.0252 0.2461 0.3394 0.4275 0.5990  
Pectoralis Major +D 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000        
Psoas Major +D          0.2652 0.8013 0.5133 0.5757 
Quad. Lumborum +D          0.9721 0.5733 0.6480 0.5229 
Rectus Abdominis +D       0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Serratus Anterior +D   0.0000 0.0000 0.0000 0.0000 0.0000 0.0002      
Trapezius +D 0.3680 0.6280 0.2730 0.1868 0.2138 0.1536 0.3470       
Transversospinalis +D 0.0758 0.4972 0.1011 0.2818 0.0940 0.0148 0.1957 0.6313 0.3587 0.4070 0.3056 0.7635 0.0242 
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Table 3. Coefficients for Regression Models. Coefficients for the best fit equation are 
presented for each muscle at different vertebral levels. Best fit was determined by a 
significant improvement from baseline model. If no significant improvement was observed 
with the addition of trunk depth or trunk width, the baseline model coefficients were used. 
CI  denotes the intercept, CS the coefficient for subject sex, CA the coefficient for subject 
age, CW the coefficient for subject weight, CTW the coefficient for subject trunk width, CTD 
the coefficient for subject trunk depth,  R2 represents the coefficient of determination, and 
SEE the standard error of estimate. 
 
  
CSA 
  
CI CS CA CH CW CTW CTD R2 
SEE 
  (cm2) 
Pectoralis Major 
T4 6.23E+00 -6.08E+00 -1.79E-01 6.60E-02 -1.56E-02 2.81E-02   6.61E-01 3.35E+00 
T5 1.04E+01 -5.14E+00 -1.42E-01 3.86E-02 4.80E-03 1.18E-02   6.50E-01 2.69E+00 
T6 2.44E+00 -3.48E+00 -1.04E-01 7.37E-02 -2.84E-02 9.99E-03   5.91E-01 2.26E+00 
T7 1.28E+00 -2.08E+00 -4.58E-02 8.35E-02 3.23E-03   -2.01E-02 4.30E-01 2.07E+00 
T8 -2.26E+00 -1.37E+00 -3.24E-02 5.55E-02 -4.03E-02 7.19E-03   2.84E-01 1.77E+00 
T9 9.24E+00 -1.73E+00 -3.52E-02 -2.83E-02 1.52E-02     9.24E+00 -1.73E+00 
Rectus Abdominis 
T10 1.67E+01 -2.40E+00 -4.73E-02 -9.03E-02 8.67E-02     4.77E-01 1.78E+00 
T11 1.13E+01 -1.97E+00 -7.45E-02 -1.83E-02 3.84E-02     5.89E-01 1.34E+00 
T12 7.53E+00 -1.66E+00 -7.38E-02 6.25E-03 3.71E-02     6.18E-01 1.34E+00 
L1 9.00E+00 -1.28E+00 -7.32E-02 1.80E-03 2.68E-02     4.85E-01 1.42E+00 
L2 6.08E+00 -1.96E+00 -6.54E-02 2.02E-02 2.05E-02     5.74E-01 1.40E+00 
L3 8.29E+00 -1.94E+00 -6.83E-02 4.16E-03 3.23E-02     6.05E-01 1.32E+00 
L4 7.99E+00 -2.31E+00 -5.83E-02 -4.73E-03 4.69E-02     6.18E-01 1.40E+00 
Serratus Anterior 
T6 2.47E+01 -4.79E+00 -6.67E-02 -1.29E-01 1.40E-01     5.76E-01 2.77E+00 
T7 2.72E+01 -6.36E+00 -5.02E-02 -1.42E-01 1.83E-01     7.23E-01 2.65E+00 
T8 1.91E+01 -5.23E+00 -6.16E-02 -6.84E-02 1.54E-01     7.39E-01 2.29E+00 
T9 1.14E+01 -4.15E+00 -9.93E-02 1.14E-02 2.37E-02 1.40E-02   5.20E-01 2.82E+00 
T10 -4.90E-01 -2.12E+00 -3.08E-02 3.98E-02 -4.11E-02 2.09E-02   2.15E-01 2.99E+00 
T11 4.17E+00 -5.38E-01 -5.06E-03 -1.58E-02 -4.24E-03 6.08E-03   1.34E-02 1.71E+00 
Trapezius 
T4 8.11E+00 -2.07E+00 -5.17E-02 -9.91E-03 4.87E-02     6.63E-01 1.16E+00 
T5 7.69E+00 -2.25E+00 -4.82E-02 -4.30E-03 4.54E-02     6.62E-01 1.21E+00 
T6 8.72E+00 -2.28E+00 -3.39E-02 -1.41E-02 3.44E-02     5.52E-01 1.30E+00 
T7 9.35E+00 -1.83E+00 -2.12E-02 -2.79E-02 2.27E-02     3.67E-01 1.25E+00 
T8 4.80E+00 -9.99E-01 -1.55E-02 -1.24E-02 1.91E-02     2.85E-01 9.93E-01 
T9 4.53E+00 -6.14E-01 -1.57E-02 -1.41E-02 1.05E-02     1.52E-01 8.56E-01 
T10 -1.74E-01 -1.02E-01 -7.99E-03 5.69E-03 9.51E-03     1.59E-01 5.49E-01 
Latissimus Dorsi 
T4 1.61E+01 -2.61E+00 -8.46E-02 -4.44E-02 5.75E-02     5.28E-01 1.24E+00 
T5 1.25E+01 -2.42E+00 -7.51E-02 -1.70E-02 3.91E-02     5.87E-01 1.06E+00 
T6 1.39E+01 -3.13E+00 -7.37E-02 -2.17E-02 4.82E-02     5.75E-01 1.35E+00 
T7 1.52E+01 -4.28E+00 -7.51E-02 -2.09E-02 6.99E-02     5.93E-01 1.84E+00 
T8 2.40E+01 -5.31E+00 -9.25E-02 -5.77E-02 6.77E-02     6.79E-01 1.89E+00 
T9 2.38E+01 -4.70E+00 -8.07E-02 -6.82E-02 6.31E-02     7.07E-01 1.63E+00 
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Latissimus Dorsi 
  CI CS CA CH CW CTW CTD R2 SEE 
T10 1.75E+01 -4.39E+00 -5.75E-02 -5.54E-02 8.98E-02     7.26E-01 1.69E+00 
T11 1.33E+01 -3.52E+00 -6.27E-02 -3.09E-02 7.10E-02     7.19E-01 1.49E+00 
T12 1.16E+01 -2.91E+00 -4.84E-02 -2.77E-02 5.32E-02     6.94E-01 1.31E+00 
L1 7.88E+00 -2.38E+00 -3.76E-02 -8.43E-03 3.03E-02     6.68E-01 1.06E+00 
L2 8.97E+00 -2.05E+00 -3.66E-02 -1.91E-02 1.37E-02     5.14E-01 1.07E+00 
L3 4.76E+00 -9.35E-01 -2.15E-02 -7.39E-03 -3.33E-03     2.77E-01 7.63E-01 
External Oblique 
T10 5.21E+00 -1.24E+00 -9.47E-03 -2.92E-02 3.32E-02     5.31E-01 7.32E-01 
T11 1.03E+01 -2.31E+00 -1.35E-02 -5.63E-02 5.59E-02     5.33E-01 1.25E+00 
T12 1.36E+01 -2.28E+00 -1.84E-02 -8.27E-02 1.08E-01     6.44E-01 1.43E+00 
L1 8.87E+00 -2.13E+00 -3.00E-02 -4.34E-02 6.82E-02   1.32E-02 6.86E-01 1.33E+00 
L2 1.35E+01 -3.30E+00 -2.40E-02 -5.29E-02 9.44E-02     6.06E-01 1.82E+00 
L3 1.04E+01 -4.26E+00 -3.40E-02 -5.64E-03 6.20E-02     6.76E-01 1.89E+00 
L4 9.80E+00 -3.58E+00 -3.63E-02 -4.64E-03 5.91E-02     6.72E-01 1.67E+00 
Internal Oblique 
L2 1.76E+01 -2.72E+00 -3.48E-02 -8.39E-02 7.35E-02     3.32E-01 2.15E+00 
L3 1.31E+01 -4.48E+00 -3.23E-02 -3.55E-02 8.23E-02     6.19E-01 2.19E+00 
L4 1.07E+01 -3.50E+00 -1.63E-02 -3.56E-02 9.72E-02     5.52E-01 2.32E+00 
Psoas Major 
L1 4.86E+00 -1.18E+00 -2.17E-02 -6.82E-03 9.85E-03     3.70E-01 9.02E-01 
L2 8.35E+00 -2.58E+00 -3.97E-02 -7.83E-03 2.89E-02     5.48E-01 1.44E+00 
L3 1.04E+01 -3.88E+00 -6.04E-02 3.17E-03 4.94E-02     6.35E-01 1.95E+00 
L4 1.44E+01 -4.94E+00 -8.16E-02 2.80E-03 6.59E-02     6.91E-01 2.21E+00 
Erector Spinae 
T4 3.86E+00 -9.37E-01 -4.19E-02 1.94E-02 -6.17E-03     4.41E-01 9.30E-01 
T5 2.63E+00 -8.73E-01 -3.67E-02 1.26E-02 6.10E-03 3.21E-03   4.59E-01 9.07E-01 
T6 4.82E+00 -1.04E+00 -3.29E-02 1.15E-03 2.03E-02     5.13E-01 8.49E-01 
T7 4.59E+00 -1.35E+00 -1.84E-02 -8.03E-03 2.72E-02 3.39E-03   4.59E-01 1.08E+00 
T8 6.62E+00 -1.49E+00 -3.13E-02 -1.68E-02 3.48E-02 3.61E-03   5.04E-01 1.15E+00 
T9 8.69E+00 -1.65E+00 -4.31E-02 -1.94E-02 5.20E-02     5.10E-01 1.38E+00 
T10 6.91E+00 -1.53E+00 -5.53E-02 -4.70E-04 6.53E-02     5.39E-01 1.61E+00 
T11 1.04E+01 -2.73E+00 -5.34E-02 -1.18E-02 8.65E-02     5.95E-01 1.95E+00 
T12 9.15E+00 -3.29E+00 -4.43E-02 -1.15E-02 1.35E-01     6.42E-01 2.48E+00 
L1 1.49E+01 -3.97E+00 -6.41E-02 -1.86E-02 1.43E-01     6.23E-01 2.83E+00 
L2 1.84E+01 -5.01E+00 -1.13E-01 -5.25E-03 1.27E-01     6.85E-01 2.84E+00 
L3 1.30E+01 -3.39E+00 -1.46E-01 4.02E-02 9.69E-02     6.36E-01 2.85E+00 
L4 8.43E+00 -1.42E+00 -1.25E-01 4.90E-02 6.29E-02     5.34E-01 2.44E+00 
Transversospinalis 
T4 2.61E+00 -5.79E-01 -2.35E-02 8.28E-03 6.27E-03     4.57E-01 5.77E-01 
T5 2.77E+00 -5.68E-01 -2.28E-02 6.22E-03 8.55E-03     4.93E-01 5.31E-01 
T6 2.74E+00 -6.03E-01 -1.87E-02 2.86E-03 3.17E-03 1.62E-03   4.74E-01 4.85E-01 
T7 2.27E+00 -5.25E-01 -1.43E-02 7.04E-03 1.83E-03     3.12E-01 5.69E-01 
T8 1.53E+00 -4.12E-01 -1.82E-02 1.21E-02 2.66E-03     3.40E-01 5.82E-01 
T9 2.82E+00 -5.59E-01 -2.36E-02 3.22E-03 2.91E-03 1.77E-03   4.58E-01 5.32E-01 
T10 9.93E-01 -3.42E-01 -1.34E-02 1.20E-02 9.81E-03     2.47E-01 7.38E-01 
T11 1.30E+00 -4.60E-01 -1.64E-02 8.93E-03 4.35E-03 2.05E-03   4.01E-01 5.51E-01 
T12 1.22E+00 -4.75E-01 -1.38E-02 4.16E-03 1.08E-02 1.89E-03   4.59E-01 5.34E-01 
L1 2.65E-01 -5.75E-01 -1.25E-02 1.62E-02 7.80E-03     4.37E-01 5.99E-01 
L2 1.15E+00 -6.13E-01 -1.84E-02 1.60E-02 1.00E-02     3.38E-01 8.39E-01 
L3 1.75E+00 -8.00E-01 -2.38E-02 2.16E-02 1.47E-02     3.16E-01 1.18E+00 
L4 4.61E+00 -1.17E+00 -2.64E-02 2.15E-02 1.62E-02     2.56E-01 1.65E+00 
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Quadratus Lumborum 
  CI CS CA CH CW CTW CTD R2 SEE 
L1 2.41E+00 -6.74E-01 -1.50E-02 2.86E-03 6.75E-03     2.97E-01 7.24E-01 
L2 6.94E+00 -1.46E+00 -2.91E-02 -1.74E-02 2.40E-02     5.41E-01 8.53E-01 
L3 1.17E+01 -2.45E+00 -5.77E-02 -2.99E-02 3.76E-02     6.49E-01 1.16E+00 
L4 1.69E+00 -1.35E+00 -4.71E-02 3.35E-02 2.82E-02     5.01E-01 1.42E+00 
  
ML-d 
  
CI CS CA CH CW CTW CTD R2 
SEE 
  (cm2) 
Pectoralis Major 
T4 -6.42E-01 -9.97E-02 -4.67E-03 3.27E-02 -1.90E-02 9.90E-03   3.84E-01 5.23E-01 
T5 2.11E+00 -1.10E-01 -1.87E-03 2.74E-02 -1.06E-02 2.34E-03   1.49E-01 6.49E-01 
T6 2.05E+00 -3.92E-02 -3.74E-03 3.37E-02 -1.38E-02     1.52E-01 6.87E-01 
T7 3.52E+00 -1.96E-01 -2.58E-03 2.16E-02 -7.73E-03     9.12E-02 7.42E-01 
T8 4.70E+00 -3.44E-01 -1.41E-02 1.06E-02 1.28E-02     2.01E-01 8.91E-01 
T9 4.60E+00 -7.97E-01 -8.49E-03 5.94E-04 3.15E-02     2.84E-01 1.21E+00 
Rectus Abdominis 
T10 1.99E+01 -2.83E+00 3.16E-02 -5.80E-02 9.00E-02 -5.01E-03   6.34E-01 1.48E+00 
T11 5.14E+00 -8.11E-01 9.75E-03 -1.88E-02 3.17E-02     4.25E-01 7.28E-01 
T12 1.92E+01 -2.90E+00 3.76E-02 -7.09E-02 8.54E-02 8.39E-04   6.51E-01 1.39E+00 
L1 5.78E+00 -9.40E-01 1.31E-02 -2.58E-02 4.42E-02     5.73E-01 7.09E-01 
L2 4.47E+00 -6.20E-01 2.19E-02 -2.52E-02 5.32E-02     5.47E-01 7.98E-01 
L3 1.94E+01 -2.69E+00 3.13E-02 -1.01E-01 1.17E-01 -2.62E-03   5.57E-01 1.82E+00 
L4 1.60E+01 -2.04E+00 4.17E-02 -9.36E-02 1.14E-01 -1.20E-03   5.37E-01 1.80E+00 
Serratus Anterior 
T6 7.47E+00 -1.05E+00 8.56E-03 -2.32E-02 3.53E-02 -2.71E-03   2.66E-01 1.21E+00 
T7 7.05E+00 -9.71E-01 1.31E-02 -2.19E-02 4.50E-02 -4.44E-03   3.08E-01 1.23E+00 
T8 6.04E+00 -7.94E-01 1.92E-02 -1.58E-02 4.41E-02 -5.21E-03   2.83E-01 1.26E+00 
T9 7.81E+00 -5.50E-01 2.20E-02 -2.19E-02 3.73E-02 -7.65E-03   2.00E-01 1.27E+00 
T10 9.51E+00 -8.71E-01 2.89E-02 -4.08E-02 5.76E-02 -7.70E-03   2.82E-01 1.48E+00 
T11 1.23E+01 -7.30E-01 1.42E-03 -4.65E-02 3.52E-02 -4.62E-03   6.33E-02 1.74E+00 
Trapezius 
T4 4.38E+00 -8.69E-02 -1.38E-02 -6.49E-04 1.35E-02     1.60E-01 6.56E-01 
T5 3.34E+00 -2.77E-01 -1.03E-02 5.78E-03 1.48E-02     2.69E-01 6.51E-01 
T6 2.94E+00 -3.22E-01 -1.82E-03 7.42E-03 5.30E-03     9.39E-02 7.99E-01 
T7 3.86E+00 -4.46E-01 1.52E-03 -2.44E-03 1.12E-03     6.49E-02 7.41E-01 
T8 2.78E+00 -3.67E-01 3.87E-03 -1.73E-03 2.22E-03     8.31E-02 6.08E-01 
T9 3.15E+00 -3.95E-01 2.77E-03 -7.72E-03 5.78E-03     1.04E-01 5.72E-01 
T10 -3.03E-01 -5.78E-02 5.34E-03 8.52E-03 7.72E-03     1.11E-01 5.41E-01 
Latissimus Dorsi 
T4 1.02E+01 -7.95E-01 -1.31E-02 7.32E-03 -1.31E-04 1.58E-02   4.95E-01 6.06E-01 
T5 1.10E+01 -7.94E-01 -9.73E-03 9.56E-03 1.96E-02 8.18E-03   4.44E-01 6.98E-01 
T6 8.75E+00 -8.00E-01 -8.38E-03 2.24E-02 1.61E-02 8.26E-03   4.91E-01 7.36E-01 
T7 8.59E+00 -8.16E-01 -1.15E-02 1.87E-02 5.89E-03 9.95E-03   3.32E-01 9.81E-01 
T8 9.93E+00 -1.01E+00 -1.82E-02 1.32E-02 1.35E-02 4.63E-03   4.69E-01 8.08E-01 
T9 8.30E+00 -1.18E+00 -1.15E-02 1.52E-02 1.61E-02 4.46E-03   6.40E-01 6.73E-01 
T10 8.40E+00 -1.26E+00 -1.88E-02 1.19E-02 1.56E-02 5.14E-03   6.93E-01 6.57E-01 
T11 7.61E+00 -1.18E+00 -1.44E-02 1.36E-02 1.36E-02 4.60E-03   6.31E-01 7.11E-01 
T12 7.85E+00 -1.01E+00 -1.35E-02 1.68E-02 1.95E-02     5.86E-01 7.39E-01 
L1 5.96E+00 -8.48E-01 -3.18E-04 2.01E-02 2.18E-02     5.60E-01 7.22E-01 
L2 4.55E+00 -6.21E-01 6.58E-03 2.00E-02 2.73E-02     5.18E-01 7.62E-01 
L3 3.89E+00 -3.57E-01 4.86E-03 1.99E-02 1.91E-02 3.90E-03   4.08E-01 7.86E-01 
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External Oblique 
 CI CS CA CH CW CTW CTD R2 SEE 
T10 9.92E+00 -1.35E+00 -1.35E-02 6.12E-03 2.60E-02     5.11E-01 9.71E-01 
T11 1.04E+01 -1.50E+00 5.46E-04 -8.22E-03 5.39E-02     6.19E-01 9.87E-01 
T12 1.08E+01 -1.36E+00 5.56E-03 -1.22E-02 5.23E-02 2.90E-03   7.41E-01 7.21E-01 
L1 1.02E+01 -1.32E+00 1.39E-02 -1.09E-02 5.27E-02 3.24E-03   7.41E-01 7.33E-01 
L2 7.78E+00 -1.09E+00 2.27E-02 -4.44E-03 5.69E-02 3.94E-03   7.39E-01 7.38E-01 
L3 7.29E+00 -7.94E-01 2.45E-02 -6.93E-03 5.92E-02 4.60E-03   7.20E-01 7.55E-01 
L4 6.00E+00 -3.94E-01 2.95E-02 8.60E-04 5.07E-02 4.58E-03   6.98E-01 6.99E-01 
Internal Oblique 
L2 1.34E+01 -1.39E+00 1.34E-02 -4.41E-02 8.92E-02     6.46E-01 1.08E+00 
L3 6.50E+00 -7.47E-01 2.67E-02 -8.74E-03 5.75E-02 5.19E-03   6.55E-01 8.76E-01 
L4 4.95E+00 -1.89E-01 3.86E-02 -6.10E-03 5.91E-02 4.51E-03   6.45E-01 8.85E-01 
Psoas Major 
L1 1.69E+00 -3.31E-01 3.35E-03 3.33E-03 3.57E-03     4.85E-01 2.32E-01 
L2 2.26E+00 -4.08E-01 4.74E-03 1.49E-03 7.65E-03     5.88E-01 2.49E-01 
L3 3.03E+00 -4.32E-01 3.47E-03 -2.61E-04 9.76E-03     6.42E-01 2.38E-01 
L4 3.15E+00 -3.61E-01 2.46E-03 3.30E-03 8.21E-03     5.92E-01 2.42E-01 
Erector Spinae 
T4 2.58E+00 -2.52E-01 -6.54E-03 9.31E-03 -1.43E-03     2.60E-01 3.61E-01 
T5 3.58E+00 -3.92E-01 -6.26E-03 1.11E-03 4.81E-03     3.68E-01 3.42E-01 
T6 3.57E+00 -4.36E-01 -4.00E-03 3.82E-04 7.01E-03     4.23E-01 3.43E-01 
T7 2.56E+00 -4.58E-01 4.53E-03 5.13E-03 6.54E-03     4.51E-01 3.66E-01 
T8 2.57E+00 -4.89E-01 4.66E-03 3.78E-03 1.08E-02     4.80E-01 4.02E-01 
T9 3.63E+00 -6.03E-01 2.69E-03 -1.83E-03 1.18E-02     5.46E-01 3.73E-01 
T10 1.95E+00 -3.86E-01 7.36E-03 6.52E-03 1.18E-02     4.96E-01 3.84E-01 
T11 2.80E+00 -4.22E-01 1.68E-03 3.38E-03 1.13E-02     5.24E-01 3.38E-01 
T12 3.31E+00 -4.54E-01 1.30E-03 -5.49E-05 1.23E-02     5.52E-01 3.23E-01 
L1 3.38E+00 -4.27E-01 2.58E-03 2.93E-03 1.26E-02 -1.33E-03   5.91E-01 2.95E-01 
L2 2.62E+00 -4.13E-01 4.34E-03 5.66E-03 8.71E-03     6.05E-01 2.77E-01 
L3 2.52E+00 -1.76E-01 3.31E-03 5.95E-03 9.03E-03     4.67E-01 2.62E-01 
L4 1.89E+00 1.85E-01 6.45E-03 9.57E-03 7.54E-03     2.08E-01 2.99E-01 
Transversospinalis 
T4 9.88E-01 -6.88E-02 -1.29E-03 1.18E-03 2.01E-03     2.12E-01 1.28E-01 
T5 8.15E-01 -4.24E-02 -4.35E-04 2.11E-03 1.74E-03     1.83E-01 1.22E-01 
T6 8.69E-01 -6.12E-02 3.60E-04 1.70E-03 1.10E-03     1.60E-01 1.22E-01 
T7 9.69E-01 -9.22E-02 6.94E-04 9.11E-04 6.89E-04     1.46E-01 1.38E-01 
T8 9.46E-01 -8.68E-02 2.03E-04 9.32E-04 6.16E-04     1.14E-01 1.47E-01 
T9 1.12E+00 -1.00E-01 -3.54E-04 -4.61E-04 1.72E-03     2.47E-01 1.10E-01 
T10 7.95E-01 -3.24E-02 8.18E-04 5.27E-04 2.00E-03     9.71E-02 1.32E-01 
T11 5.66E-01 -2.32E-03 1.32E-03 1.73E-03 1.63E-03     6.55E-02 1.38E-01 
T12 4.12E-01 2.31E-02 1.30E-03 2.35E-03 1.64E-03     5.74E-02 1.33E-01 
L1 2.01E-01 1.95E-03 2.86E-03 3.00E-03 -4.22E-04 6.09E-04   1.41E-01 1.19E-01 
L2 8.29E-01 -6.89E-02 5.10E-03 -3.60E-04 1.79E-03     2.37E-01 1.51E-01 
L3 9.08E-01 -1.59E-02 9.11E-03 -1.54E-03 2.94E-03     3.06E-01 1.96E-01 
L4 5.35E-01 1.87E-02 1.12E-02 1.33E-03 2.79E-04 1.16E-03   2.68E-01 2.59E-01 
Quadratus Lumborum 
L1 3.95E+00 -6.17E-01 -2.67E-03 4.42E-04 7.68E-03     3.86E-01 4.86E-01 
L2 3.58E+00 -5.94E-01 2.41E-03 6.67E-03 8.36E-03     4.96E-01 4.30E-01 
L3 3.92E+00 -4.50E-01 -8.05E-04 1.21E-02 8.82E-03     4.52E-01 4.53E-01 
L4 3.28E+00 9.12E-02 4.97E-03 2.04E-02 2.79E-03     9.88E-02 5.25E-01 
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AP-d 
  
CI CS CA CH CW CTW CTD R2 
SEE 
  (cm2) 
Pectoralis Major 
T4 6.44E+00 -1.78E+00 1.62E-02 -2.84E-02 7.90E-03   3.22E-02 7.13E-01 9.67E-01 
T5 2.82E+00 -1.46E+00 1.57E-02 -1.02E-02 1.93E-03   4.02E-02 7.35E-01 9.99E-01 
T6 2.38E+00 -1.54E+00 2.05E-02 -1.03E-02 2.43E-04   4.57E-02 7.67E-01 1.02E+00 
T7 1.68E+00 -1.69E+00 1.87E-02 -6.32E-03 -8.04E-03   5.18E-02 7.73E-01 1.06E+00 
T8 1.26E+00 -1.85E+00 2.51E-02 -3.56E-04 -1.92E-02   5.35E-02 7.57E-01 1.11E+00 
T9 4.04E-01 -1.81E+00 3.02E-02 1.00E-02 -2.40E-02   5.15E-02 7.34E-01 1.15E+00 
Rectus Abdominis 
T10 1.19E+00 -8.31E-01 7.61E-03 1.82E-02 -6.93E-03   4.76E-03 2.17E-01 1.04E+00 
T11 4.09E+00 -7.98E-01 8.14E-03 -1.60E-02 2.35E-02   4.74E-03 4.30E-01 7.25E-01 
T12 2.66E+00 -6.96E-01 8.04E-03 -1.08E-02 3.14E-02   5.60E-03 5.69E-01 6.47E-01 
L1 5.98E+00 -2.03E+00 1.62E-02 -1.27E-02 -1.57E-02   4.34E-02 7.58E-01 1.20E+00 
L2 4.06E+00 -1.95E+00 5.93E-03 -1.56E-02 -2.61E-02   5.23E-02 7.49E-01 1.31E+00 
L3 1.70E+00 -1.63E+00 5.92E-03 -1.81E-02 -2.90E-02   5.80E-02 7.37E-01 1.40E+00 
L4 1.43E+00 -1.16E+00 1.73E-02 -2.61E-02 -1.90E-02   5.44E-02 7.03E-01 1.44E+00 
Serratus Anterior 
T6 8.11E+00 -8.89E-01 -8.25E-03 2.65E-02 2.46E-02   -2.03E-03 6.59E-01 6.50E-01 
T7 8.91E+00 -9.85E-01 -1.14E-02 2.41E-02 2.70E-02   -1.69E-03 7.18E-01 6.04E-01 
T8 9.67E+00 -1.17E+00 -1.24E-02 1.88E-02 2.78E-02   5.12E-04 7.41E-01 6.12E-01 
T9 9.77E+00 -1.29E+00 -9.06E-03 1.48E-02 3.09E-02   2.32E-03 7.54E-01 6.32E-01 
T10 2.26E+00 -8.02E-01 2.39E-02 -2.77E-02 4.73E-03   2.36E-02 3.08E-01 1.45E+00 
T11 5.97E+00 -7.16E-01 -3.80E-03 -3.52E-02 -1.53E-02   2.52E-02 1.16E-01 1.69E+00 
Trapezius 
T4 -1.58E+00 4.38E-01 -2.08E-04 -2.14E-02 -9.92E-03     6.35E-01 3.79E-01 
T5 -2.80E+00 4.32E-01 2.88E-03 -1.35E-02 -9.46E-03     5.53E-01 3.84E-01 
T6 -3.25E+00 3.86E-01 5.50E-03 -9.57E-03 -1.14E-02     5.75E-01 3.50E-01 
T7 -3.23E+00 3.35E-01 5.45E-03 -8.77E-03 -1.34E-02     6.41E-01 3.04E-01 
T8 -3.08E+00 3.02E-01 4.40E-03 -9.59E-03 -1.40E-02     6.41E-01 3.02E-01 
T9 -3.14E+00 2.75E-01 3.89E-03 -9.59E-03 -1.47E-02     6.06E-01 3.23E-01 
T10 -2.32E+00 2.04E-01 1.08E-03 -1.41E-02 -1.56E-02     5.74E-01 3.59E-01 
Latissimus Dorsi 
T4 -5.68E+00 -1.10E-01 -2.91E-04 3.45E-02 -4.23E-02   2.69E-02 2.08E-01 1.03E+00 
T5 -4.60E+00 -9.94E-02 -5.65E-03 3.26E-02 -5.32E-02   2.68E-02 1.70E-01 1.10E+00 
T6 -5.57E+00 1.37E-01 -1.71E-03 3.78E-02 -6.87E-02   2.68E-02 1.50E-01 1.23E+00 
T7 -1.15E+00 -5.79E-02 -3.23E-03 6.83E-03 -5.30E-02   2.02E-02 9.53E-02 1.21E+00 
T8 -3.23E+00 4.23E-02 -5.67E-03 1.18E-02 -4.41E-02   1.78E-02 1.38E-01 8.90E-01 
T9 -1.87E+00 -1.07E-01 -2.57E-03 5.35E-03 -3.83E-02   1.19E-02 1.25E-01 8.33E-01 
T10 -2.84E+00 -2.13E-01 -1.20E-02 9.09E-03 -3.65E-02   1.23E-02 1.37E-01 7.77E-01 
T11 -1.02E+00 -2.64E-01 -1.31E-02 -2.08E-04 -2.82E-02   6.56E-03 1.14E-01 7.79E-01 
T12 -4.14E-01 -1.02E-01 -1.11E-02 -2.90E-03 -1.93E-02     1.41E-01 7.58E-01 
L1 -2.26E+00 1.41E-01 -5.04E-03 -9.51E-04 -1.53E-02     1.16E-01 7.74E-01 
L2 -1.69E+00 3.20E-01 -1.01E-02 -1.05E-02 -5.64E-03     1.35E-01 7.79E-01 
L3 4.22E-01 2.48E-01 -1.58E-02 -2.31E-02 2.13E-03     1.63E-01 7.81E-01 
External Oblique 
T10 8.43E+00 -1.32E+00 -1.57E-02 9.81E-03 1.49E-02   6.68E-03 5.16E-01 9.65E-01 
T11 9.73E+00 -1.49E+00 -4.20E-04 -6.69E-03 4.86E-02   3.17E-03 6.18E-01 9.87E-01 
T12 9.22E+00 -1.27E+00 2.19E-04 -5.09E-03 3.89E-02   1.02E-02 7.50E-01 7.08E-01 
L1 -6.29E-01 -7.87E-01 1.81E-02 3.33E-02 -2.06E-02   9.68E-03 2.51E-01 1.24E+00 
L2 1.21E+00 -6.95E-01 -7.40E-04 1.57E-02 -3.55E-02   1.32E-02 1.09E-01 1.32E+00 
L3 2.32E+00 -4.39E-01 -9.79E-03 -8.61E-03 -1.39E-02   1.26E-02 1.29E-01 1.04E+00 
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External Oblique 
 CI CS CA CH CW CTW CTD R2 SEE 
L4 4.86E+00 -5.06E-01 -9.26E-03 -2.01E-02 -7.25E-03   8.92E-03 1.01E-01 9.66E-01 
Internal Oblique 
L2 -3.92E+00 -7.05E-01 4.08E-02 5.16E-02 -1.41E-02     1.33E-01 1.79E+00 
L3 6.22E+00 -7.57E-01 8.37E-03 -2.45E-02 1.21E-02     6.31E-02 1.26E+00 
L4 3.60E+00 -8.64E-01 -1.40E-03 -1.46E-02 -1.12E-02   1.43E-02 2.47E-01 1.11E+00 
Psoas Major 
L1 1.98E+00 -1.86E-01 -2.96E-03 -1.41E-02 2.98E-04     2.71E-02 4.40E-01 
L2 2.08E+00 -3.26E-01 -7.03E-03 -1.52E-02 3.56E-03     1.86E-01 2.93E-01 
L3 1.81E+00 -4.04E-01 -6.06E-03 -1.37E-02 5.70E-03     2.30E-01 3.36E-01 
L4 2.19E+00 -3.91E-01 -2.13E-03 -1.48E-02 7.07E-03     1.19E-01 4.78E-01 
Erector Spinae 
T4 -8.60E-01 1.25E-01 -1.27E-03 -2.10E-02 1.81E-03     4.50E-01 2.64E-01 
T5 -1.13E+00 1.03E-01 3.33E-04 -1.82E-02 -1.49E-03     4.30E-01 2.67E-01 
T6 -2.08E+00 1.46E-01 1.78E-03 -1.36E-02 -7.59E-03   1.93E-03 5.13E-01 2.45E-01 
T7 -2.15E+00 1.63E-01 1.51E-03 -1.32E-02 -1.04E-02   2.40E-03 5.65E-01 2.47E-01 
T8 -1.98E+00 1.71E-01 7.61E-04 -1.44E-02 -1.19E-02   2.57E-03 5.69E-01 2.69E-01 
T9 -2.01E+00 2.00E-01 3.74E-04 -1.46E-02 -1.30E-02   2.52E-03 5.84E-01 2.83E-01 
T10 -2.01E+00 2.35E-01 -1.72E-03 -1.14E-02 -1.16E-02     5.23E-01 3.32E-01 
T11 -2.31E+00 2.16E-01 -1.22E-03 -9.90E-03 -1.27E-02     4.59E-01 3.68E-01 
T12 -1.81E+00 1.49E-01 -2.95E-03 -1.28E-02 -1.35E-02     4.06E-01 4.21E-01 
L1 -2.53E+00 1.84E-01 -4.04E-03 -1.01E-02 -1.29E-02     3.73E-01 4.32E-01 
L2 -2.46E+00 2.38E-01 -3.07E-03 -1.48E-02 -7.69E-03     3.58E-01 4.33E-01 
L3 -2.54E+00 2.42E-01 -3.63E-03 -1.58E-02 -5.52E-03     3.19E-01 4.50E-01 
L4 -1.60E+00 1.78E-01 -5.03E-03 -1.86E-02 -4.36E-03     2.97E-01 4.41E-01 
Transversospinalis 
T4 -1.08E+00 1.55E-01 -3.52E-03 -1.65E-02 9.26E-04     4.00E-01 2.61E-01 
T5 -1.51E+00 1.95E-01 -2.73E-03 -1.27E-02 -1.29E-03     4.19E-01 2.54E-01 
T6 -1.97E+00 1.96E-01 3.89E-04 -1.04E-02 -2.44E-03     5.22E-01 2.00E-01 
T7 -1.85E+00 1.78E-01 3.24E-04 -1.11E-02 -3.29E-03     5.84E-01 1.83E-01 
T8 -1.48E+00 1.68E-01 -1.24E-03 -1.32E-02 -4.16E-03     5.91E-01 2.00E-01 
T9 -1.75E+00 1.90E-01 -3.02E-03 -1.29E-02 -8.22E-03   1.76E-03 6.32E-01 2.02E-01 
T10 -1.27E+00 1.51E-01 -4.27E-03 -1.45E-02 -4.66E-03     5.32E-01 2.36E-01 
T11 -1.41E+00 1.33E-01 -3.99E-03 -1.45E-02 -3.90E-03     5.18E-01 2.25E-01 
T12 -1.67E+00 7.95E-02 -5.55E-03 -1.34E-02 -3.72E-03     3.86E-01 2.47E-01 
L1 -1.87E+00 1.19E-01 -5.21E-03 -1.36E-02 -3.90E-03     4.01E-01 2.71E-01 
L2 -2.81E+00 1.68E-01 -4.61E-03 -9.98E-03 -4.81E-03     3.38E-01 3.08E-01 
L3 -2.45E+00 1.40E-01 -9.72E-03 -1.26E-02 -4.24E-03     3.51E-01 3.33E-01 
L4                   
Quadratus Lumborum 
L1 -3.18E-01 5.69E-02 -3.16E-03 -1.33E-02 -2.15E-03     1.92E-01 3.44E-01 
L2 1.21E+00 -9.21E-02 -1.14E-02 -2.53E-02 5.21E-03     2.50E-01 3.69E-01 
L3 1.84E+00 -1.09E-01 -1.37E-02 -3.12E-02 9.11E-03     2.55E-01 4.47E-01 
L4 5.67E-01 6.80E-02 -1.03E-02 -2.17E-02 5.48E-03     1.37E-01 5.25E-01 
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